Studies have shown that noxious cutaneous stimulation engages physiologically different antinociceptive systems to inhibit a spinal reflex, tail withdrawal from radiant heat. Two experiments are reported that examine the relationship between the inhibition of the tail-flick response and brain-mediated responses to nociception. The induction of a spinally mediated antinociception was accompanied by an increase in latency to vocalize to a noxious thermal stimulus, suggesting pain inhibition. Physiological manipulations that eliminated the inhibition of the tail-flick reflex restored vocalization to thermal stimulation and revealed a concurrent sensitization that generally heightened behavioral reactivity. The results suggest that net pain is regulated by 2 opposing processes, a selective inhibition of nociceptive signals within the spinal cord and a general sensitization that heightens stimulus processing.
Exposure to aversive and/or noxious stimuli engages defensive systems that inhibit nociceptive reflexes (Fanselow, 1986; Maier, 1986; Meagher, Ferguson, et al., 2001; . These inhibitory effects are not mediated by a unitary system but rather depend on a rich assembly of neural systems that function in parallel, at multiple levels of the nervous system, to regulate pain (for reviews, see Fields & Basbaum, 1999; Millan, 1999 Millan, , 2002 . The activation and function of these mechanisms have often been studied using cutaneous electrical stimulation. This stimulus, well characterized over the course of decades of behavioral studies, allows researchers to examine essential stimulus variables, such as intensity and duration, under conditions that produce no long-term tissue damage. Studies in this vein have helped to define the conditions under which each system is engaged (Fanselow, 1986; Fanselow & Bolles, 1979; Grau, 1987; Grau, Hyson, Maier, Madden, & Barchas, 1981; Meagher, Chen, Salinas, & Grau, 1993; Meagher, Grau, & King, 1989 Terman, Shavit, Lewis, Cannon, & Liebeskind, 1984; . Defining stimulus parameters that reliably engage distinct neural mechanisms has also provided researchers with a tool for investigating the underlying neural mechanisms.
The most common measure of nociceptive reactivity relies on a spinal reflex: tail withdrawal from radiant heat (the tail-flick test; Le Bars, Gozariu, & Cadden, 2001) . Using this measure, we (Grau et al., 1981; Meagher et al., 1993) and others (e.g., Terman, Morgan, & Liebeskind, 1986; have shown that exposure to an aversive shock generally produces an increase in tail-flick latencies, known as antinociception. The neural mechanisms that produce this behavioral change vary as a function of stimulus parameters. When an organism is exposed to relatively brief-moderate shock (e.g., 1 mA, 0.75 s), forebrain systems play an essential role, producing an inhibition of the spinal reflex that depends on lower level brainstem systems (e.g., the periaqueductal gray; PAG) and fibers that descend through the dorsolateral funiculus (DLF; Basbaum & Fields, 1979; Fanselow, 1994; Grau, 1987; Meagher et al., 1989) . More severe shocks (e.g., 1 mA, 25 s) appear capable of engaging brainstem and spinal mechanisms in the absence of the forebrain (Meagher et al., 1990; Terman et al., 1984; , again via fibers that descend through the DLF (Guinan et al., 1989; Lewis, Terman, Watkins, Mayer, & Liebeskind, 1983; Watkins, Cobelli, & Mayer, 1982) . Because this brainstem-mediated antinociception is insensitive to opioid antagonists (e.g., naltrexone; Meagher et al., 1993; Terman et al., 1984; , it is referred to as the brainstem-nonopioid system. Even more severe stimuli can engage inhibitory circuits within the spinal cord in the absence of the brain (Meagher et al., 1993) . Because the least severe parameters known to induce a spinally mediated antinociception (3 mA, 2.0 s) in spinally transected rats rely on an opioid synapse (as inferred from naltrexone reversibility), this mechanism is referred to as the spinal-opioid system. The emergence of the forebraindependent, brainstem-mediated, and spinally mediated antinociceptive systems can be predicted using a measure of stimulus severity derived from Steven's power law (Grau, Burks, Kallina, King, & Meagher, 1996; Meagher et al., 1993) . Together, the results show that a variety of neural mechanisms can bring about an inhibition of the tail-withdrawal reflex and that the mechanism engaged depends on shock severity. Functionally, this means that in an intact organism relatively mild stimuli will engage a forebrain-dependent antinociception, whereas the antinociception observed after a more severe stimulus will depend on multiple sources. Thus, a stimulus strong enough to engage a spinally mediated antinociception will also engage brain-dependent antinociceptive systems .
A much more complex story emerges when we consider additional dependent variables. In the end, we are primarily concerned with the psychological consequences of engaging pain modulatory systems. For this reason, we began to explore how our experimental manipulations affect brain-dependent measures (Illich & Grau, 1990; Illich, King, & Grau, 1995; King, Joynes, Meagher, & Grau, 1996) . What was surprising is that these measures often suggested that net pain was enhanced (sensitized) at the same time that tail withdrawal to radiant heat was inhibited. For example, after brief moderate shocks, rats exhibit lower vocalization thresholds to thermal and shock stimuli (Illich et al., 1995; King et al., 1996) . Indeed, motor reactivity to tactile, shock, and auditory stimuli is generally sensitized (Meagher, Ferguson, et al., 2001) . From this, we have suggested that the forebrain-dependent antinociception observed after brief-moderate shock on tail-flick test reflects a selective inhibition of the motor response and that pain is generally enhanced. Subsequent studies linked this sensitization to neural structures within the bed nucleus of the stria terminalis, central amygdala, and dorsolateral PAG (Crown, King, Meagher, & Grau, 2000; McLemore, Crown, Meagher, & Grau, 1999) .
Less is known about the consequences of severe stimuli designed to engage the brainstem-nonopioid or spinal-opioid antinociceptive systems. Reactivity to aversive, but non-noxious, test stimuli (e.g., tactile, a gradually incremented shock) is generally enhanced (Meagher, Ferguson, et al., 2001) , suggesting that severe shocks also engage a form of sensitization. What is not well established is whether the inhibition of tail withdrawal to radiant heat is accompanied by a decrease in the nociceptive signal sent to the brain and whether net pain reflects a balance between this hypoalgesia and a general sensitization. To date, the only evidence that severe stimuli produce a true hypoalgesia comes from an experiment that assessed vocalization thresholds to radiant heat after a shock schedule designed to engage the brainstemnonopioid system (Meagher, Ferguson, et al., 2001) . Shocked rats showed higher vocalization thresholds, suggesting that the inhibition of the tail-flick response was accompanied by a decrease in pain. If net pain reflects the additive consequences of this hypoalgesia plus the general sensitization, the inhibitory effect was sufficiently strong to counter the sensitization and raise thresholds above the unshocked controls. In the current study, we sought additional evidence that this occurs and also evaluated whether severe shock stimuli (designed to engage the spinal-opioid system) inhibit vocalization to a noxious thermal stimulus.
However, our primary aim was to examine a novel prediction of the account outlined previously. If stimuli that engage the brainstem-nonopioid or spinal-opioid antinociceptive system also engage a sensitizing effect that affects net pain, then physiological manipulations that abolish the antinociception should unveil a concurrent sensitization that enhances reactivity to a noxious thermal stimulus. We addressed this issue in two experiments. Experiment 1A used a shock procedure known to engage the brainstemnonopioid system (Meagher et al., 1990 (Meagher et al., , 1993 . We attempted to block the resultant antinociception by lesioning the DLF. Experiment 1B used a shock procedure that we know engages both the brainstem-nonopioid and spinal-opioid systems Meagher et al., 1993) . Because we sought to focus on just the spinal component in Experiment 1B, all subjects received DLF lesions to eliminate the contribution of brain-dependent systems. The antinociception observed should reflect an intraspinal circuit that depends on an opioid synapse. The efficacy of this circuit was experimentally manipulated using the opioid antagonist naltrexone. Thus, by varying both the nature of the shock stimulus and the physiological manipulation applied, we were able to isolate two distinct antinociceptive systems and block their impact on tailwithdrawal latencies. The key question concerns how this affects the signal relayed to the brain. If the inhibition of the tail-flick reflex is accompanied by an inhibition of the signal relayed to the brain, as is often assumed, then shocked rats should show higher vocalization thresholds to a noxious thermal stimulus, and this hypoalgesic effect should be eliminated by treatments that eliminate antinociception on the tail-flick test. If shock produces concurrent sensitization of brain-mediated pain reactions, then eliminating antinociception at the spinal level will lower vocalization thresholds.
Method

Subjects
Male Sprague-Dawley rats (N ϭ 56) weighing between 400 and 460 g were obtained from Harlan (Houston, TX). They were 100 -120 days old, individually housed, and maintained on a 12-hr light-dark cycle. Testing occurred during the first 6 hr of the light phase. Food and water were available ad libitum.
All of the experiments were reviewed and approved by the Institutional Animal Care Committee at Texas A&M University, and all National Institutes of Health guidelines for the care and use of animal subjects were followed.
Apparatus
For a detailed description of the apparatus, see Meagher, Ferguson, et al. (2001) . Briefly, rats were restrained in well-ventilated opaque Plexiglas tubes. Pain modulatory effects were induced using constant-current AC tail shock produced by a 660-V AC transformer. Tail shock electrodes were taped 5 cm from the tip of the rat's tail.
Vocalization responses during severe shock were measured with a microphone placed at the end of the restraint tube. This microphone allowed for a quantification of the loudness of vocalization (in decibels) during exposure to our inducing stimuli. Frequencies above 1500 Hz were amplified. At 80 dB, frequencies below 1500 Hz were attenuated by approximately 8 dB. The response function was relatively flat (Ϯ 0.5 dB) from 1500 to 20000 Hz. The amplified output was passed through a full-wave rectifier that provided a voltage proportional to the sound intensity. This voltage was monitored using an analog-to-digital converter and recorded by a computer 25 times/s. The equipment had an upper cutoff of 125 dB. A lower cutoff of 81.6 dB prevented extraneous sounds from contaminating the data.
Nociceptive reactivity to a thermal stimulus was tested using a radiant heat tail-flick device. Shock thresholds were assessed using a manual shocker (BRS/LVE, Model SG-903) that allowed continuous variation of shock intensity between 0 and 2 mA (AC, constant current). Test shock electrodes were applied 7 cm from the base of the tail, and shock intensity was gradually increased incrementally at a rate of 0.05 mA every 3 s.
The latency to exhibit a tail movement after the onset of the thermal or shock test stimulus was assessed using an automated device. The rat's tail rested in a groove cut into an aluminum block positioned 4.7 cm below the condenser lens of the radiant heat device. Plastic barriers were placed along the sides of the aluminum block to maintain the rat's tail under the heat source. A wire hook was taped to the last 2.5 cm of the tail and placed over an elastic band located 11 cm behind the aluminum block. The elastic band allowed for a tail-flick response while maintaining the rat's tail under the heat source. A photocell, located in the groove of the aluminum block, was used to automatically detect whether the rat moved its tail laterally 0.5 cm.
Vocalization and tail movement latencies to the test stimuli were monitored by a circuit controlled by the output of the photocell and the microphone. After both responses were detected, the shock or heat was terminated by the computer. If a subject failed to respond, the test trial was automatically terminated after 8 s of heat exposure or after shock intensity reached 1.2 mA.
Surgery
A laminectomy was performed at T-2 under pentobarbital anesthesia (50 mg/kg ip). Following the procedure of , the DLF was transected bilaterally using a scalpel blade. Sham surgery consisted of a T-2 laminectomy without a spinal lesion. The exposed cord was then covered in Oxycel and the wound closed with Michel clips. During recovery, rats were maintained in a temperature-controlled environment (25-26°C). Saline injections were given after surgery to maintain hydration. To minimize pain and suffering, in addition to limiting changes in spinal cord function as a result of our lesioning procedure, all testing occurred within 24 to 48 hr of surgery. The interval between surgery and testing did not appear to impact the subjects' reactivity; none of them displayed any signs of distress (e.g., vocalization, aggressive behavior, secretion of porphyrin) before behavioral testing or during handling.
Behavioral Procedures
In Experiment 1A, 32 rats (n ϭ 8/group) were exposed to long-moderate tail shock. Half of the rats received a DLF lesion and half received sham surgery. After recovery, the rats were transported to the laboratory, where they acclimated for 15 min before being placed in the testing tubes. Two sets of electrodes and the wire hook were attached to the tip of the rat's tail. The distal electrodes were used to deliver the severe shocks, whereas the proximal electrodes were used to apply the gradually incremented test shocks. Fifteen minutes after being placed in the testing tubes, half of the rats in each surgical condition (sham vs. DLF lesioned) received three 25-s 1-mA shocks through the distal electrodes presented at 20-s intervals. Prior research has shown that this shock treatment produces a robust brainstemmediated nonopioid antinociception (Meagher et al., 1993 ).
An additional 24 rats (n ϭ 6/group) were used in Experiment 1B to examine the impact of brief-intense shocks that engage a spinally mediated opioid and a brainstem-mediated nonopioid antinociception. To minimize the contribution of descending nonopioid antinociceptive systems, all subjects received DLF lesions. Thirty-six to 40 hr after surgery, subjects were brought to the test room and acclimated as described previously. Immediately before they were placed in the restraining tubes, half of the rats were given an intraperitoneal injection of the opioid antagonist naltrexone (14 mg/kg; Sigma). This dose blocks the antinociception observed in spinally transected rats exposed to brief-intense tail shocks (Meagher et al., 1993) . The vehicle controls received 0.9% saline. The rats were then placed in the restraining tubes. Fifteen minutes later, half of the subjects in each drug condition received three 2-s 3-mA tail shocks at 20-s intervals.
In both experiments, vocalization during shock was recorded to determine whether our physiological manipulations affected shock reactivity. After shock treatment, nociceptive reactivity to radiant heat and a gradually incremented shock were tested separately at 2 and 8 min postshock in a counterbalanced fashion. False alarms were also recorded and were defined as either vocalization or tail movement in the absence of the heat or shock stimulus. These false alarms were monitored for 8 s during a heat trial and 60 s for a shock trial and occurred 1 min either before or after a heat or shock test (in a counterbalanced fashion).
Histology
To verify the extent of the lesion, rats were anesthetized with sodium pentobarbital (100 mg/kg ip) and perfused intracardially with 0.9% saline followed by 10% formalin. Ten-micron sections of the cord were mounted, and photographs of the slides were taken to aid in quantifying the extent of the DLF lesions. The lesions were then transcribed onto atlas sections by an observer who was blind to the proceedings. Representative DLF lesions are depicted in Figure 1 .
Statistics
The data were analyzed using an analysis of variance (ANOVA). Post hoc comparisons were accomplished using Duncan's new multiple range test. In all cases, a criterion of p Ͻ .05 was used to judge statistical significance.
Results
Experiments 1A and 1B used independent control groups, and separate ANOVAs were used to analyze the results. Because each experiment yielded a similar pattern of results, the data are presented together; each section describes a separate behavioral measure. Neither the main effect of our physiological treatments nor its interaction with shock treatment approached statistical significance (all Fs Ͻ 1.43, p Ͼ .05), indicating that neither lesion nor drug treatment affected reactivity to the inducing agent. For the long-moderate shock condition, there was a main effect of time that interacted with shock treatment, both Fs Ͼ 20.76, p Ͻ .0001. However, these effects did not interact with the surgical treatment (all Fs Ͻ 1.00, p Ͼ .05). For the brief-shock condition, neither the main effect of time nor its higher order interactions approached significance, all Fs Ͻ 1.00, p Ͼ .05.
Reactivity to the Inducing Stimuli
To ensure that DLF lesions did not have any impact on reactivity to our brief shock-inducing stimulus, we exposed a group of sham-operated saline-treated rats (n ϭ 6) to three 2-s 3-mA tail shocks. The group means for vocalization loudness during the 2 s of shock exposure were 88.5 dB (Ϯ 1.70) and 89.1 dB (Ϯ 2.38), respectively. These data were added to the ANOVA for reactivity to our brief-shock stimulus, and this analysis revealed a significant main effect of shock, F(4, 25) ϭ 18.33, p Ͼ .01. Post hoc analyses revealed that shock induced vocalization but none of the shocked groups differed from each other. None of the other main effects or higher order interactions approached significance, all Fs Ͻ 1.38, p Ͼ .05, further suggesting that DLF lesions did not disrupt the afferent signal induced by shock treatment.
False Alarms
In no case did any of the rats vocalize or make a motor response in the absence of the test stimulus, indicating that the changes in nociceptive reactivity were not the result of a general increase in behavioral reactivity.
Tail Movement to Radiant Heat
In keeping with prior studies (e.g., Meagher et al., 1993; Meagher, Ferguson, et al., 2001) , we found that exposure to either shock schedule produced antinociception on the tail-flick test to radiant heat in the sham-operated and vehicle controls ( Figure 3A and B). The antinociception observed after long-moderate tail shock was attenuated by DLF lesions ( Figure 3A) , whereas naltrexone (in combination with DLF lesions) reduced the antinociception observed after brief-intense tail shock ( Figure 3B ). Independent ANOVAs confirmed that, in both cases, the main effects of shock and physiological treatment were statistically significant, all Fs Ͼ 7.47, p Ͻ .05. The interaction terms confirmed that the impact of shock depended on physiological treatment, both Fs Ͼ 10.55, p Ͻ .05. Post hoc tests showed that shocked sham rats given long-moderate tail shock exhibited longer latencies than the DLFlesioned and unshocked controls ( ps Ͻ .05). DLF-lesioned rats that received long-moderate shocks differed from the unshocked DLF-lesioned rats, suggesting that there was a significant residual antinociception. Similarly, saline-treated rats that received briefintense tail shocks differed from the naltrexone-treated shocked rats, and both shocked groups differed from the unshocked controls. No other differences were significant ( p Ͼ .05).
Vocalization to Heat
If anything, shock treatment tended to increase vocalization thresholds to radiant heat in the sham-operated and saline-treated controls ( Figure 3C and D) . DLF-lesioned rats that received longmoderate shock ( Figure 3C ), in contrast, exhibited lower thresholds. Similarly, shock had a pronociceptive effect in naltrexonetreated rats that received brief-intense shock ( Figure 3D ). Independent ANOVAs confirmed that the physiological manipulations (DLF lesions, naltrexone treatment) decreased vocalization latencies in previously shocked subjects, both Fs Ͼ 4.42, p Ͻ .05. Although the main effect of shock treatment was not significant, both Fs Ͻ 1.77, p Ͼ .05, there was a significant interaction between shock and our physiological manipulation, both Fs Ͼ 4.90, p Ͻ .05. Post hoc comparisons showed that DLF-lesioned rats given long-moderate shock displayed significantly shorter vocalization latencies than the sham-operated shocked group and both of the unshocked controls ( ps Ͻ .05). Similarly, naltrexonetreated shocked rats had significantly shorter vocalization latencies than the saline-treated shocked group and both unshocked groups ( ps Ͻ .05). In addition, the saline-treated shocked group differed from the unshocked drug-treated controls ( p Ͻ .05). No other differences were significant ( p Ͼ .05).
We previously reported that long-moderate shock increases the latency to vocalize (Meagher, Ferguson, et al., 2001 ), but little difference was observed in the current experiment (cf. shamoperated controls in Figure 3C ). This may have occurred, in part, because the 8-s cutoff used to prevent tissue damage caused a ceiling effect, making it difficult to resolve an increase in vocalization latency. In an effort to address this issue, we also examined whether there was a difference in the proportion of subjects that exhibited a vocalization response by using Fisher's exact test (one-tailed). Although the results were not decisive, we found that sham-operated rats given long-moderate shock were less likely to vocalize than the sham-operated controls ( p ϭ .06).
Tail Movement to a Gradually Incremented Shock
Shock also produced antinociception in sham-and saline-treated rats, as measured by increased tail movement latencies to respond to the gradually incremented shock ( Figure 4A and B) . DLF lesions eliminated the antinociception observed after longmoderate shock ( Figure 4A ), and naltrexone (in combination with DLF lesions) blocked the antinociception observed after briefintense shock ( Figure 4B ). ANOVAs confirmed that, for both shock treatments, the main effects of shock and physiological manipulation were significant, all Fs Ͼ 8.04, p Ͻ .05. In each case, there was also a significant interaction indicating that the impact of shock depended on the physiological manipulation, both Fs Ͼ 8.04, p Ͻ .05. Post hoc comparisons showed that the shocked sham/saline-treated controls had significantly longer response latencies than all other groups in each experiment ( ps Ͻ .05). No other differences were significant ( p Ͼ .05).
Vocalization to a Gradually Incremented Shock
Previously shocked rats exhibited lower vocalization thresholds to the gradually incremented test shock than unshocked rats (FigFigure 3 . A and B: Mean (Ϯ SE) tail-flick latencies to radiant heat for subjects exposed to long-moderate or brief-intense shock. The data are depicted independently for shocked and unshocked subjects. C and D: Mean (Ϯ SE) vocalization latencies to radiant heat for subjects exposed to long-moderate and brief-intense shock. DLF ϭ dorsolateral funiculus. ure 4C and D). Neither DLF lesions nor naltrexone attenuated this sensitization effect. Indeed, a more robust effect was observed after long-moderate shocks in the DLF-lesioned subjects in part because the unshocked lesioned subjects exhibited higher thresholds. Independent ANOVAs confirmed that shock had a significant effect, both Fs Ͼ 12.90, p Ͻ .05. For subjects that received brief-intense shock, neither the main effect of drug treatment nor its interaction with shock treatment approached significance, both Fs Ͻ 1.28, p Ͼ .05. For subjects given long-moderate shock, DLF lesions did not yield a significant main effect, F(1, 28) ϭ 2.52, p Ͼ .05, but did interact with shock treatment, F(1, 28) ϭ 9.02, p Ͻ .05. Post hoc comparisons confirmed that shocked subjects displayed shorter vocalization latencies than the unshocked controls ( ps Ͻ .05). No other differences were significant ( p Ͼ .05).
Discussion
As reported by others (Basbaum & Fields, 1979; , lesioning the DLF had no effect on reactivity to our inducing agent, but it did eliminate antinociception on the tail-flick test (Experiment 1A). Similarly, naltrexone eliminated the antinociception observed after more severe shocks in DLF-lesioned rats (Experiment 1B). This pattern of results is consistent with earlier work demonstrating that long-moderate shocks engage a brainstem-dependent antinociception, whereas the antinociception observed after brief-intense shocks reflects the combined effect of an intraspinal opioid-and brain-dependent process Meagher et al., 1993) . The current experiments extend this work by including a brain-mediated measure of pain: vocalization. We found that brief-intense shock increased the latency to vocalize (Experiment 1B), suggesting that spinal antinociception inhibits the afferent signal relayed to the brain. Elsewhere we showed that a shock schedule known to activate the brainstem-nonopioid system has a similar inhibitory effect. Though long-moderate shocks reduced the likelihood of a vocalization in the shamoperated controls in Experiment 1A, only a small quantitative difference was observed (a limitation that may be attributable to the cutoff used to prevent tissue damage).
The key question in the current study concerned the impact of these manipulations on supraspinally mediated measures of nociceptive reactivity. If the only consequence of shock treatment is the induction of antinociception, and this antinociception reduces the nociceptive signal sent to the brain, eliminating the antinociception should restore baseline reactivity. Alternatively, if shock also engages a general sensitization process that acts to enhance pain, eliminating antinociception should unveil this sensitizing effect. The results clearly supported the latter prediction. After Figure 4 . A and B: Mean (Ϯ SE) motor response latencies to a gradually incremented shock for subjects exposed to long-moderate or brief-intense shock. C and D: Mean (Ϯ SE) vocalization latencies to a gradually incremented shock for subjects exposed to long-moderate or brief-intense shock. DLF ϭ dorsolateral funiculus. both shock schedules, physiological manipulations that eliminated the increase in tail-flick latencies (antinociception) uncovered a sensitizing effect that reduced the latency to vocalize to a noxious thermal stimulus.
When reactivity to a gradually incremented test shock was tested, we found that shocked rats in the sham-operated and saline control conditions were less responsive (indicative of antinociception). This antinociceptive effect was eliminated by physiological manipulations that attenuated the antinociception observed on the tail-flick test. From prior work, we knew that this antinociception was not sufficient to outweigh the sensitization of brain-dependent measures of shock reactivity because previously shocked rats normally show lower vocalization thresholds (Meagher, Ferguson, et al., 2001) . A similar effect was observed in the current study. The one surprise was that the magnitude of this sensitization effect was greater in DLF-lesioned rats (see Figure 4C ). This may mean that, although the antinociceptive component has less effect on shock-related signals of pain (relative to the sensitizing component), it does nevertheless contribute to the computation of net pain. A different pattern of results is likely obtained across test stimuli because they enlist different patterns of neural activity. Although strong claims would require additional physiological studies, noxious thermal stimuli (within the range typically used to elicit a tail-flick response) are known to engage C fibers (Yeomans & Proudfit, 1996) . Although intense shocks activate multiple fiber types (including C fibers), activity of A fibers can elicit defensive behavior (e.g., movement and vocalization; Bromm, 1989) . These observations imply that antinociceptive mechanisms within the spinal cord may have two distinct consequences: (a) a general inhibition of motor reactivity independent of fiber type and (b) a selective inhibition of C fiber-related signals associated with the brain. Results from the current experiments revealed that, when these antinociceptive effects are eliminated, nociceptive behavior is generally sensitized. This implies that the facilitatory process augments behavioral reactivity independent of fiber type.
Our findings are consistent with studies demonstrating that inflammatory and neuropathic pain states are associated with the concurrent activation of descending inhibitory and facilitatory pain modulatory circuits (see Ren & Dubner, 2002 , for a review). Considerable evidence suggests that there is enhancement of descending inhibition after inflammation or nerve injury (Abbott, Hong, & Franklin, 1996; Dubner & Ren, 1999; Ren & Ruda, 1996; Tsuruoka & Willis, 1996; Wei, Dubner, & Ren, 1999b; Wei, Ren, & Dubner, 1998) . In these studies, spinal, DLF, and selective brainstem lesions were found to intensify hyperalgesia and increase dorsal horn Fos expression, a marker of neuronal activation. Enhancement of net descending inhibition may normally serve to protect the rat from excessive injury-induced sensitization. Evidence for a concurrent descending facilitatory component comes from studies demonstrating that selective brainstem lesions decrease hyperalgesia and spinal Fos expression after formalin and mustard oil-induced hyperalgesia (Ossipov, Lai, Malan, & Porreca, 2000; Porreca et al., 2001; Urban & Gebhart, 1999; Wei et al., 1999b; Wiertelak, Roemer, Maier, & Watkins, 1997) . Although DLF and selective brainstem lesions do not prevent the onset of neuropathic hypersensitivity, they reverse the maintenance of these phenomena (Burgess et al., 2002; Porreca et al., 2001; Porreca, Ossipov, & Gebhart, 2002) . Thus, descending supraspinal facilitatory mechanisms play a role in maintaining but not initiating neuropathic pain states. An imbalance between these descending inhibitory and facilitatory components may contribute to the development of some chronic pain because of a net increase in facilitation. Taken together, these studies and the current findings suggest that both persistent and transient pain states are determined by the balance between inhibitory and facilitatory brain circuits.
Researchers studying pain enhancement have, in recent years, focused on the mechanisms that facilitate nociceptive processing within the spinal cord (Calejesan, Kim, & Zhuo, 2000; Coderre, Katz, Vaccarino, & Melzack, 1993; Coderre & Melzack, 1991; Dubner, 1991; Dubner & Ruda, 1992; Fields & Basbaum, 1999; Watkins & Maier, 2000; Wiertelak et al., 1997; Willis, 1992; Woolf, 1994) . Although prior studies report supraspinal facilitation of spinally mediated withdrawal reflexes (Calejesan et al., 2000; Urban, Jiang, & Gebhart, 1996; Wei, Dubner, & Ren, 1999a; Wiertelak et al., 1994) , there was no evidence that spinal reflexes were facilitated in the current study. If anything, some residual antinociception was observed (see Figure 3A) . This observation suggests that the unmasked sensitization of pain observed after severe shock, like the sensitization observed after brief-moderate shock, reflects a brain-mediated process. Elsewhere we have shown that this form of pain enhancement (hyperalgesia) depends on forebrain systems (King et al., 1999) . Furthermore, lesioning structures (frontal cortex, central nucleus of the amygdala, and the anterior bed nucleus of the stria terminalis) implicated in the regulation of fear, anxiety, and affect eliminates this example of shock-induced hyperalgesia (Crown et al., 2000; King et al., 1999) . These same neural structures have been implicated in the sensitization of acoustic startle (Shi & Davis, 1999) and the regulation of defensive behavior (Fanselow, 1994) . It has been suggested that these systems modulate pain, in part, through projections to lower level systems within the midbrain and brainstem. For example, a projection from the central nucleus of the amygdala to the ventral periaqueductal gray (PAG) appears to inhibit pain (Fanselow, 1994) , whereas projections to the dorsolateral PAG may contribute to the brain-mediated facilitation of pain (Crown et al., 2000; McLemore et al., 1999) . Similar brain-mediated facilitatory circuits may underlie the severe shock-induced hyperalgesia unveiled after removal of the pain inhibitory component.
Our results are also consistent with human studies demonstrating bidirectional effects of emotional states and arousal on pain processing (Meagher, Arnau, & Rhudy, 2001; Rhudy & Meagher, 2000 , 2001a , 2001b . Emotional valence and arousal appear to alter the balance between brain-mediated pain facilitation and inhibition. For example, negative affect with low to moderate arousal (e.g., anxiety) shifts the balance toward facilitation, resulting in hyperalgesia, whereas negative affect with high arousal (e.g., fear) shifts the balance toward inhibition, resulting in hypoalgesia. Others have suggested that brain-mediated sensitization can taint stimuli in a negative light and augment fear conditioning (Rosen & Schulkin, 1998) , effects that could contribute to some pathological conditions that are often associated with increased pain complaints. From this perspective, interventions designed to reduce facilitation and enhance inhibition could have benefits that extend beyond acute treatment by preventing the development of pathological pain conditions.
